particles (TSP), its respirable sub-fraction of the particles with aerodynamic diameter not greater than 4 µm (PM 4 ), and of some polycyclic aromatic hydrocarbons (PAHs), adsorbed on these particles, in a sawmill. The sawmill was equipped with several wood-processing lines situated in relatively tightly closed halls. It was located in Biskupice, in a heavily polluted quarter of Zabrze, a city in the Upper Silesia Agglomeration. There were some industrial utilities nearby, including a large cokery.
Material and Methods
We selected six sampling points within the sawmill area ( Fig. 1) . Two points, P1 and P2, were located in building B1, P1 at the saw and P2 at the other end of the building, practically beyond the effect of sawing. Point P3 was located in open shed B2, where wood-sawing occurs for 1 to 3 hours a day. Point P4 was located at sawmill entrance gate G, practically on the factory area border. Points P5 and P6 were located in the main production building B3, P5 at the main sawmill line, and P6 at the control room far from the production utilities.
Two SKC aspirators (Blandford, Dorset, U.K.) were located at each sampling point, at about 1.6 m above ground level -one adjusted to sample PM 4 , the second to sample TSP. Within 05.03.2014-15.04.2014, at each point, four eight-hour samples of both PM 4 and TSP were taken according to the Polish Norms [13, 14] , which defines the method for making measurements at worksites with the use of an SKC aspirator.
The quartz fiber filters (QMA, ø25 mm, CAT No. 1851-025; Whatman, GE Healthcare Bio-Sciences Corp.; Piscataway, NJ, USA) were mounted on and taken away from the aspirators in a laminar airflow cabinet). Prior to sampling, the quartz fiber filters were baked at 600ºC for at least 6 h to remove any traces of organics. The dust-loaded substrates, right after their weighing, were put into Petri dishes wrapped light-tightly in aluminum foil and stored in a freezer (-18ºC) until analysis.
The masses of the samples were determined by weighing the substrates before and after exposure (MYA 5.3Y.F microbalance; RADWAG, Radom, Poland; resolution of 1 µg). They were conditioned in the weighing room (air humidity of 45±5%, air temperature 20±2ºC) for 48 hours before each weighing.
To determine the PM-bound PAH concentrations, all four samples of PM 4 or TSP from a sampling point were put together to make one cumulative sample of PM 4 or TSP, respectively. These cumulative samples were extracted and the extracts were chromatographically examined for the presence of naphthalene (Na), acenaphthylene (Acnl), acenaphtene (Acn), fluorene (Flu), phenanthrene (Phen), anthracene (An), fluoranthene (Flt), pyrene (Pyr), benzo (Fig. 1) .
The extraction, the chromatography technique, and validation parameters are described in [15, 16] .
Four coefficients were computed expressing the hazards from the mixture of the 16 PAHs (∑PAH): carcinogenic equivalent (CEQ), mutagenic equivalent (MEQ), TCDD-toxic equivalent (TEQ), and the share of the carcinogenic PAHs (∑PAH carc ) in (∑PAH). The coefficients and the methods for their computing are described in [15] .
Results and Discussion
According to the Ordinance of the Minister of Labor and Social Policy, the sawdust contained in the inhalable fraction of ambient dust is the only air contaminant whose ambient concentrations is obligatorily measured at worksites in Polish sawmills. In the meaning of the Ordinance, the inhalable dust fraction is the whole of TSP [12] . However, the hazard from TSP to workers comes mainly from respirable dust, PM 4 . In the case of the investigated sawmill utilities, the hazard was not great, the PM 4 and TSP concentrations (both 8-h and averaged) were below the permissible limits at all measuring points (Fig. 1) .
The highest concentrations of PM 4 occurred at P1, P2, P4, and P6, in average 45, 48, 30, and 23 µg·m -3 , respectively; except for P4, all in the production halls ( Fig. 1) . At P3 and P5, the 8-h PM 4 concentrations varied between 8 and 18 µg·m -3 and the average concentrations were 16 and 13 µg·m -3 , respectively. At P2, P5, and P6 in the production halls, the average concentrations of TSP were 845, 589, and 601 µg·m -3 , respectively, and at P5 at the gate to the sawmill: 555 µg·m -3 . At P3, in the open shed, and at P1, at the saw for cutting logs into lumber, they were 149 and 161 µg·m -3 . At P3 and P1 the PM 4 mass content of TSP was high compared to other points. At P1 it was highest and varied from 11 to 59%, and its four-measurement average was 28% ( Fig. 1) . At P3 the average PM 4 content of TSP was 10%, at the rest of the points it was less than 10%.
Compared to the outdoor points, the wood processing itself appeared not to elevate significantly the indoor sawdust concentrations nor the shares of respirable fraction in TSP. The highest concentrations of PM 4 were noted at P1, at the main saw, but they were only a little higher than the PM 4 concentrations at P4 at the gate to the sawmill.
Instead, the PAH concentrations in the sawmill were enormously high (Fig. 1) . The highest occurred in building B1 at the saw, at P2, where the TSP-bound ∑PAH concentration reached 1,425 ng·m -3 ; the PM 4 -bound ∑PAH concentrations at P2 was 329 ng·m -3 . Although the TSP-bound ∑PAH concentrations at P3 and P6 were two times lower than at P2, the PM 4 -bound ∑PAH concentrations at these points, 365 and 335 ng·m -3 , were similar to this at P2. At P1, at the other end of B1, the PM 4 -and TSP-bound ∑PAH concentrations were lower than at P2. The differences between P1 and P2 in the ∑PAH concentrations were proportional to the differences in the dust concentrations between these points. At gate G, beyond the sawmill installations, the PM 4 -and TSP-bound ∑PAH concentrations were 240 ng·m -3 and 387 ng·m -3 . They were low compared to the concentrations at other points, but still high compared to the concentrations in the region [17, 18] .
Practically, there was no dependence between the dust concentrations and the ∑PAH concentrations (linear correlation coefficient was R 2 =0.52). Neither were the concentrations of particular PAHs correlated linearly with the dust concentrations (R 2 <0.35). Such correlations would occur if the dust and its PAH content were of common provenance.
The PAH profiles at different points differed (Table 1) . However, among the 16 PAHs, at almost each sampling point, Ch, Flt, BaA, BkF, and Pyr, the PAHs typical of the emissions from hard coal combustion or coking [19] [20] [21] , had the highest concentrations. Additionally, the profile of PM 4 -bound PAHs was similar to the profile of TSP-bound PAHs at each point, and at P3 and P4 in the open air very similar, making common origin of the PM 4 -and the TSPbound PAHs highly probable.
Usually, fine and coarse particles come from different sources and their PAH contents (PAH profiles) entirely differ [19, 20, 22] . The similarity of the profiles would not be surprising if the PM 4 mass shares in TSP were very high, but in the sawmill they were not, except for PM at P1.
The residual doubts were removed by computing the values of diagnostic ratios (proportions of particular PAH concentrations [8, 20, [22] [23] [24] [25] [26] ), which matched the values of such ratios for PAHs from coal combustion and coking ( Table 2) .
The three ratios assumed values close to those for PAHs from coking and coal combustion. The Flt/(Flt+Pyr) were slightly higher than those for coking (Table 2) , so besides coal combustion and coking the combustion of wood in ovens (neighboring houses and allotment gardens) might be a source of PAHs in the sawmill [27] . Within the sawmill itself, there were no PAH sources -neither wood nor fossil fuels were burnt, and all the tools in use were electric. Wood burning caused by the process of sawing (dull or Because there were no PAH sources within the sawmill, municipal emissions (from heating) were negligible because the sampling period was rather hot, and one of the biggest Silesian cokeries was about 200 m north of the sawmill, the hard coal coking was assumed to account for such enormously high PM-bound PAH concentrations in the sawmill. The high indoor PAH concentrations can be accounted for by PAH absorption and accumulation in sawdust, a very efficient sorbent of gaseous substances [28, 29] . Elsewhere in Zabrze, in the open air, they are lower [18, 25] , probably because they naturally propagate in the atmosphere [20] . Accordingly, at the outdoor P4 (at the sawmill gate) they were the lowest among the PAH concentrations in the sawmill. Therefore, the sawmill workers are exposed to hazard from high indoor PAH concentrations. The CEQ for the PM 4 -bound 16 PAH mixture was from 6.59 to 86.79 ng·m -3 , and for the TSP-bound from 41.55 to 114.98 ng·m -3 , depending on the sampling point. They were high, elsewhere in Silesia they are much lower (Table 3) . Such high values of CEQ were noted only at a highway in Katowice, the capital of Silesia, in winter. The MEQ and TEQ in the sawmill were also high, such that their values were noted in Silesian cities (Zabrze, Katowice) only in winter (Table 3) . However, the share of ∑PAH carc in ∑PAH (i.e. ∑PAH carc /∑PAH) was not higher than 47% at any point;in other regions of Silesia it happens to be higher.
This resemblance of the mixture PAH hazard coefficients in the sawmill to the coefficients in big cities in winter ensures that the PAHs in the sawmill came from a hightemperature processing of hard coal (combustion or/and coking).
Conclusions
The pilot research shows that the concentrations of PM 4 and TSP within the sawmill are not so high as to be hazardous. The mass shares of potentially hazardous PM 4 in TSP at the main saw and other wood processing equipment were higher than elsewhere in the sawmill, but the differences were not great.
The real hazard to the indoor workers came from the PM-bound PAHs. The indoor concentrations of PM-bound ∑PAH in the sawmill were very high. The PAH profiles at the sampling sites and the values of the diagnostic ratios suggest that the PAHs came from hard coal coking or combustion (of coal or wood). Because there is no such PAH source within the sawmill, the PAHs were assumed to come from the nearby coking plant. Less than half of the 16 PAHs were heavier BaA, BaP, BbF, BkF, Ch, DahA, or IP (carcinogens); this and the PAH profiles suggest that the majority of the mass of PAHs to be found in the sawmill were light gaseous PAHs adsorbed on the developed surface of sawdust particles. The intense PAH emissions from the cokery and the high adsorption capacity of the sawdust combine to cumulate PAH in amounts sufficient to cause indoor PAH concentrations in the sawmill comparable to PAH concentrations along a highway in winter.
